In the present work, the electrochemical oxidation of acid orange 7 (AO7) on a glassy carbon (GC) electrode has been investigated by cyclic voltammetry in different solvents: aqueous solvent (H2O), dimethyl sulfoxide (DMSO) and acetone (ACE), using sulfuric acid as a supporting electrolyte. The analysis of AO7 oxidation voltammograms in different solvents showed that the more donor numbers, the easier it becomes the oxidation of AO7. The experimental parameters show that the oxidation peak current of AO7 was linearly proportional to its concentration in a range from 0.04 mM to 0.2 mM. The limit of detection was estimated by gradually decreasing the concentration levels of AO7, and was found to be 6.6 µM.
Introduction
Aromatic azo compounds constitute a very important class of organic compounds, because of their widespread applications in many fields of up-todate technology, involving textile industry, leather tanning industry, paper production, food processing, and agricultural research [1] . Among them, the aromatic azo dyes (-N=N-) comprise about two-thirds of the total [2] . The majority of these compounds are carcinogenic. In fact, many synthetic azo dyes can be converted to colorless aromatic amines. Azo dyes are generally biodegraded by azo-bond reduction during anaerobic digestion, which generates aromatic amines [3, 4] , leading to the need of sensitive analytical methods for their determination.
To date, many methods have been investigated for the determination of azo dyes, such as polarographic and voltammetric methods, which are particularly suitable for these purposes, because of their high sensitivity, their applicability over an unusually wide concentration range, and their low investment and running costs [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . There are other methods for the quantitative detection and characterization of azo dyes, including electronic spectroscopy [11] , infrared spectroscopy [12] [13] [14] , mass spectroscopy [15, 16] , gas chromatography/mass spectroscopy, high-performance liquid chromatography (HPLC) with UV-Vis and mass detectors [17] [18] [19] [20] [21] [22] [23] . It is well known that electrochemical methods are the most widely used in direct determination of chemical molecules, as they are not only rapid and sensitive, but also more feasible for microanalysis. Cyclic voltammetry is a very versatile electrochemical technique in modern analytical chemistry for the characterization of electroactive species. This method provides valuable information regarding the stability of the oxidation states and the rate of electron transfer between the electrode and the analyte. This technique is accomplished with a three-electrode arrangement: the potential is applied to the working electrode with respect to a reference electrode, while an auxiliary (or counter) electrode is used to complete the electrical circuit [24] . For these reasons, the electrochemical detection of dyes has attracted the attention of many authors [25] [26] [27] . Some of them have studied the voltammetric analysis of reactive dyes by oxidation of their oxidizable or reduction of their reductable groups present in the dye molecule [27] . Others tried to change the mercury electrode, because of its toxicity, by glassy carbon electrode. Gold and boron-doped diamond have been efficiently used for the electroanalytical detection of some organic compounds in aqueous solutions, but only few studies have been conducted in non-aqueous electrolytes. In the present work, the electrochemical behavior of acid orange 7 (OA7), chosen as model azo dye, was studied at glassy carbon electrode in different electrolytes. Solvent effects on the redox properties of radicals and radical ions have been subject of considerable interest [28] [29] [30] [31] [32] [33] . The solvent effect on the redox potential is interpreted based on the strength of interactions involving both the cation Na + and solvent molecules, and is influenced by the donor properties (and thus the donor number) of the solvent medium.
Materials and methods

Chemicals
The molecular structure of the azo dyes acid orange 7 is given in Fig. 1 . Acid orange 7 (Sigma Aldrich) was used as received. The studied organic solvents were dimetyl sulfoxide (DMSO) and acetone (ACE), and the supporting electrolyte was sulfuric acid. 
Cyclic voltammetry
The measurements were carried out using a potentiostat/galvanostat type VoltaLab PST 050 "(Radiometer Analytical). A conventional three-electrode system with one compartment cell was used for all the measurements, using glassy carbon (GC, 3.0 mm diameter) and Ag/AgCl as reference electrode, and a stainless steel bar as an auxiliary electrode. The working GC electrode was polished with alumina powder, followed by washing with water and acetone before each cyclic voltammogram. The analysis of this figure shows that the oxidation peak potentials of AO7 in these three different solvents are different: (DMSO: EPa = 0.92 V, water: EPa = 0.95 V; acetone: EPa = 1 V). These results can be explained based on the number of donors relative to these three solvents (Table 1) [34] . Indeed, the number of donors measures the alkalinity or the donation ability of a solvent. The examination of Table 1 indicates that the oxidation of AO7 becomes more difficult on going from DMSO to ACE [35, 36] . The shift of E° can be explained by donor-acceptor Lewis-type interactions [37] . In fact, as DMSO presents the largest number of donors, it is richer in electrons and, consequently, solvates better AO7. On the other hand, the strength of interactions involve the Na + cation (which acts as a Lewis electron-pair acceptor) in the structure of AO7, which is more sensitive to interactions with the solvent molecules (DMSO), that act as a Lewis electron-pair donor. Consequently, a strong electron contribution of the solvent molecule acts as an electron donor to the cation Na + , which leads to a diminution of the E° value, thereafter making oxidation easier in this case, which manifests itself by a shift of the oxidation peak potential to the more cathodic potentials; this behavior is summarized in Table 1 , which represents the evolution of the oxidation potentials of AO7, depending on the number of donors of the different solvents. To better demonstrate the benefits of the use of DMSO as a solvent we have studied the influence of temperature on the oxidation of AO7 by a comparative study using two solvents: DMSO and water. We have recapitulated the results obtained in Figs. 3 (a-b) which represent the cyclic voltammograms for the oxidation of AO7 (2.10 -4 M) at temperatures ranging from 20 to 60 °C, respectively. Using DMSO (Fig. 3 -a) and water ( Fig. 3 -b) the examination of Fig. 3 shows that, when the temperature increases, the current of the peak oxidation increases. In addition, the peak potential Epa shifts to the cathodic values. On the other hand, the activation energy calculated using Arrhenius' law shows that the activation energy using DMSO (Ea = 9.8 kJ/mol) is lower than that in aqueous solvent (27.3 kJ/mol), which proves the easier oxidation of AO7 in DMSO solvent. For this reason, we hereafter propose to study the electrochemical oxidation of AO7 in DMSO.
Results and discussion
Electrochemical behavior of acid orange 7 in different solvents
Voltammetries of AO7 in DMSO
The effect of varying scan rates ranges between 50 mV/s and 250 mV/s was studied at the GCE in H2SO4 0.5 M electrolyte solution containing 2.10 -4 M AO7. With an increasing scan rate, the peak current increased, and also the peak potential shifted slightly with the anodic peak to positive, as shown in Fig.4 . From the plot of logarithm of the peak current against logarithm of scan rate, as shown in Fig. 5 -a, the current (anodic) increases approximately in linear approach, as described by R=0.998. In experimental, the slope has a value of 0.44≈0.5, which suggests that the process is purely diffusion controlled [38] . The relationships between Ep and log v in the cyclic voltammetry (Fig 5-b) could be expressed according to the following Laviron's equation (1) 
where α is the electron transfer coefficient, F is the Faraday constant, R is the gas constant, T is the temperature, k is the standard rate constant of the surface reaction, v is the scan rate, n is the electron transfer numbers and E0 is the formal potential. The value of α·n was graphically determined from the slope of the line representing the path of the curve Ep with log v and it is equal to 0.7. The α value was determined from the relationship of Bardand Faulkner (Eq.2) [40] and it is equal to 0.6:
So, the number of electrons (n) involved in the reaction is calculated to be 1.1, which indicates that 1 electron is involved in the oxidation of AO7. 
Effect of the concentration and detection limit
In order to quantitatively detect AO7, the concentrations of this dye were varied from 0.04 mM to 0.2 mM in a 0.5 M sulfuric acid solution. The oxidation peak current of AO7 on GCE is linearly proportional to its concentration (c) in a range from 0.04 mM to 0.2 mM, with a correlation coefficient of 0.993 (Fig 6-a) . High sensitivity responses of 45.09 µA/mM for the peak current are also obtained (Fig  6 -b) . Calibration plots bearing linear relationships for the oxidation peak current Ip= 45.09x + 3.9 showed an excellent correlation coefficient of 0.997. Based on the expression of 3σ /slope (oxidation process), the limit of detection was estimated by gradually decreasing the concentration levels of AO7 with the detection limit of 6.6 µM when using a scan rate of 100 mV/s.
Conclusions
In this work, a simple, rapid, and sensitive electrochemical method was developed to determine AO7. The cyclic voltammetric studies of AO7 were performed in water, acetone (ACE) and dimethyl sulfoxide (DMSO). AO7 exhibits an irreversible one-electron transfer process in all of the investigated solvent media. The effect of the solvent medium on potential E was discussed in terms of its electron-donating power. Hence, the potential E values are significantly less anodic in strong electron-donating solvents such as DMSO, but tend to become more anodic in weaker electron-donating solvents such as ACE. The electrochemical parameters were calculated.
